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Figaro Giken Kabushiki Kaisha 
H. Koda and M. Shimabukuro 
Ozone Detector 

SPECIFICATION 

Claims 

(1) An ozone detector comprising a gas sensor where the 
thin film metallic oxide semiconductor is laminated to a 
heater, 

a heater power source connected to the heater of the gas 
sensor, and a power source and a load resistance for a detector 
connected in series to the metallic oxide semiconductor film, 

a timer for changing periodically the temperature of the 
metallic oxide semiconductor film between a high temperature 
region and a low temperature region by changing periodically 
the output of the power source of the heater, 

an A/D converter for A/D converting the output of the 
gas sensor to the load resistance or the metallic oxide 
semiconductor according to a signal from the timer while the 
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film of the metallic oxide semiconductor is within the low 
temperature region, and 

a means of detecting ozone from the measurement output 
of the gas sensor having undergone the A/D conversion. 

(2) An ozone detector comprising a gas sensor where a 
heater and a thin film of metallic oxide semiconductor are 
provided on a thin film having heat-resistant insulation 
properties , 

a power source for the heater connected to a gas sensor, 
a power source of the detector and a load resistance connected 
in series to the film of a metallic oxide semiconductor/ 

a timer for changing periodically a temperature of the 
the metallic oxide semiconductor film between a high 
temperature region and a low temperature region by changing 
periodically the output of the power source of the heater, 

an A/D converter for A/D converting output of gas sensor 
to the load resistance or the metallic oxide semiconductor 
according to a signal from the timer while the film of the 
metallic oxide semiconductor is within the low temperature 
region, and 

a means of detecting ozone from the measurement output 
of the gas sensor having undergone the A/D conversion. 

Detailed Description of the Invention 
[Industrial Field of Application] 
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This invention relates to detection of ozone. The ozone 
detector of the invention is used, for example, for the 
detection of ozone generated from the high-voltage discharge 
circuits of copy machines or for control of ozone-type 
deodorizers . 

[Prior Art] 

Japanese Patent Publication No. 43320/1978 discloses 
that a gas sensor of a metallic oxide semiconductor is heated 
and cooled alternately between a high temperature region and 
a low temperature region to detect carbon monoxide from output 
when in the low temperature region. The applicant has turned 
this technique to practical use. The sensors used herein are 
of bulk type or heavy-gauge film type, and the cycle of 
temperature change also is long because of long time constants - 
The relevant time constants those of the cooling period, which 
in general are from 2 0 to 3 0 or more seconds. The cycle of 
temperature change in general is about 150 seconds, about 60 
seconds in the high temperature region and about 90 seconds 
in the low temperature region. 

This technique should be applicable for detection of any 
gas as long as the gas has a high sensitivity in the low 
temperature region. However, the technique is used only to 
detect carbon monoxide and not used for other gases. 
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[Problems of the Invention] 

Purposes of the invention are as follows : 

(1) Highly sensitive detection of ozone. 

(2) Shortening of dead time required for the detection. 

[Constitution of the Invention] 

In the invention , the film of a metallic oxide 
semiconductor is heated and cooled alternately between a high 
temperature region and a low temperature region, and ozone is 
detected from output when in the low temperature region. The 
gas sensors used are sensors where the film of a metallic oxide 
semiconductor is laminated to a heater (claim 1) or sensors 
where the heater and the film of a metallic oxide semiconductor 
are provided on a film having heat-resistant insulation 
properties (claim 2). 

In the detection circuit, a heater power source is 
connected to the heater of the gas sensor, and a load resistance 
and a power source of the detector are connected in series to 
the metallic oxide semiconductor film. Herein a timer is 
provided, and the output of the power source of the heater is 
periodically changed to alternate periodically the 
temperature of the film of the metallic oxide semiconductor 
between a high temperature region and a low temperature region. 
When in the low temperature region, the output of the gas sensor 
is used through an A/D converter to detect ozone. Output to 
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the load resistance , voltage impressed on the gas sensor , or 
shares of both voltages are used as the output of the gas sensor. 

When a gas sensor of thin-gauge film type is alternated 
between the high temperature region and the low temperature 
region , a high sensitivity to ozone is produced in the low 
temperature region. When a gas sensor of bulk type or 
heavy-gauge film type is used in place of the thin-gauge film 
type gas sensor, decomposition of ozone occurs in the course 
of diffusion into the inside of the metallic oxide 
semiconductor because ozone is an easily decomposable gas, thus 
causing a reduction in the sensitivity. 

The gas sensors where the film of a metallic oxide 
semiconductor is laminated to the heater or the gas sensors 
where the heater and the film of a metallic oxide semiconductor 
are provided on a thin-gauge film having heat-resistant 
insulation properties have small heating time constants. 
Accordingly, the detection cycle is shortened, enabling 
shortening of dead time. 

[Examples ] 

A result of detection of ozone is shown in Fig. 1 . Output 
V out in the figure represents the output of a gas sensor to a 
load resistance (300 KQ), and numerals in the figure represent 
the concentration of ozone. This result was obtained when a 
Sn0 2 -type gas sensor of Fig. 2 was heated for 0.1 second in 
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a high temperature region (350 to 400°C) and then for 4.9 seconds 
cooled to a low temperature region (150 to 200°C) . Dotted lines 
in the upper portion of the figure represent the output in the 
high temperature region (the output near the end of the high 
temperature period), and dotted lines in the lower portion 
represent the output in the low temperature region (the output 
near the end of the low temperature period) . 

From these results , the value of resistance of the gas 
sensor (the value of resistance of the metallic oxide 
semiconductor film) and the sensitivity to ozone are shown in 
Table 1. 



Table 1; Sensi tivity to Ozone 
Concentration of Valne of Rpsistance Sensitivity tO 

Ozone (kq^ Ozone 

0 (in the air) 32-38 

0.1 ppm 210 - 230 6-7 

0.3 ppm 1000 - 1100 28 - 36 

1 ppm 4600 - 4800 120 - 140 

* Results were calculated from the output in the low temperature 
region; stable values in fig.l are taken as values of 
resistance; and the sensitivity to ozone is represented by the 
ratio of the value of resistance in the air just before 
introducing ozone to the value of resistance in ozone. 



The results of Table 1 reveal high sensitivities to ozone , 
that is, the sensitivity to 1 ppm of ozone is 10 0 times or more, 
and the sensitivity to 0.1 ppm of ozone also is from six to 



seven times. In the range of from 0.1 to 1 ppm, the value of 
resistance of the metallic oxide semiconductor changes 
parabolically according to the concentration of ozone, and the 
dependence thereof upon the concentration of ozone is higher 
than first order. As a result, about 0.1 ppm of ozone can be 
detected with ease, and less than 0.1 ppm of ozone also can 
be detected when change in the output of the gas sensor is 
compensated by use of the fact that the output in the high 
temperature region is not so much dependent upon ozone. 

The cycle of the detection is 5 seconds, and of this the 
time in the high temperature region that is complete dead time 
is 0.1 second. Shortening of the time in the low temperature 
region enables detection within a cycle of 1 second or less. 

The principle of the detection process is that heating 
to the high temperature region allows elimination of ozone and 
steam adsorbed to reset the gas sensor each time. The heating 
to the high temperature region also has function of activating 
the film of a metallic oxide semiconductor and facilitating 
the adsorption of ozone in the low temperature region. The 
lower limit of a time required in the high temperature region 
is shorter than the heating time constant for the gas sensor, 
about 10 seconds. The action in the low temperature region 
consists in adsorbing ozone and changing the value of 
resistance. The time required by this is from about 1 second 
to about 10 seconds. Although the sensitivity to ozone 
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increases with time, the sensitivity to steam also increases 
simultaneously. The condition of 5 seconds per cycle was 
determined based on these data. The temperatures of the high 
temperature region and the low temperature region were 
determined based on the metallic oxide semiconductor (single 
Sn0 2 ) used, and the temperatures of the low temperature region 
can be room temperature. The high temperature region has been 
determined to be from 350 to 4 00°C because temperatures higher 
than these temperatures causes the semiconductor to be 
sensitive to miscellaneous gases such as ethanol. Under the 
conditions in Fig. 1, there is hardly any sensitivity to 
miscellaneous gases such as ethanol at all either in the low 
temperature region and the high temperature region. 

The output of the gas sensor is stable and the drift 
thereof is small, features not shown in Fig. 1. The resistance 
of the sensor is not stable when the sensor is continuously 
heated at from 350 to 400°C and continuously heated at from 
150 to 2 00°C, and the drift arises when the sensor allowed to 
stand begins use again. When the sensor allowed to stand at 
room temperature is continuously heated, the resistance of the 
sensor drifts higher for several days. The size of the drift 
is about 10 times higher at the first day at from about 350 
to about 400°C, and about several times higher at from about 
150 to about 2 00°C. However, the drift is not observed under 
the working conditions of the Example. For example, at a 
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condition of 0.6V/0.2V, the value of resistance in the air of 
the high temperature region was about 10 KQ after 10 minutes 
after beginning of operation, and was about 10 KQ also after 
one day elapsed. Similarly, the value of resistance in the 
low temperature region was from 30 to 40 KQ after 10 minutes, 
and was from 30 to 40 KQ also after one day elapsed. 

The gas sensor used is shown in Fig. 2. This gas sensor 
2 is known (described in Japanese Patent Laid-Open No. 
109,358/1988). Single ingredient Sn0 2 film 8 (about 0.5 \m in 
thickness) is laminated to the surface of heater 4 with alumina 
insulation film 6 (a little less than 1 (im in thickness) 
interposed. 10 and 12 are gold electrodes. A Fe-Cr-Al alloy 
wire of 13-jxm diameter (Kanthal wire manufactured by Kanthal 
Corp. of Sweden. Kanthal is a registered trademark) was used 
for heater 4 . Materials or wire gauge of heater 4 are arbitrary . 
Alumina insulation film 6 insulates Sn0 2 film 8 and heater 4, 
and simultaneously prevents Sn0 2 film 8 from being contaminated 
by the materials of the heater. Alumina insulation film 6 was 
provided by coating with alumina sol and decomposing thermally. 
When noble metal materials such as platinum are used for heater 
4, the possibility of contamination of Sn0 2 film 8 is low and 
therefore, alumina insulation film 6 need not be provided. In 
this case, heater 4 can serve as one of the electrodes. Sn0 2 
film 8 was formed by applying a butanol solution of tin 2- 
ethylhexanoate to alumina insulation film 6 and decomposing 
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thermally at 5 00°C. Alumina insulation film 6 can be replaced 
with films of Si0 2 , Zr0 2 , etc., and Sn0 2 film 8 can be changed 
to films of ln 2 0 3 , ZnO, etc. 

Since a thin-gauge film of metallic oxide semiconductor 
8 is used as gas sensor 2, the sensor has a high sensitivity 
to ozone. Use of a heavy-gauge film type or bulk type metallic 
oxide semiconductor causes decomposition of ozone in the course 
of diffusion into the inside of the metallic oxide 
semiconductor, resulting in reducing the sensitivity to ozone. 

The second characteristic of gas sensor 2 is that it has 
a small heating time constant. In gas sensor 2, the interval 
between Sn0 2 film 8 and heater 4 is small, and accordingly the 
heating time constant is small. Therefore, the cycle of 
detection can be shortened. The heating time constant of gas 
sensor 2 on dissipating heat is about 30 msec, and that on 
applying heat is less than about 3 0 msec. On the other hand, 
the heating time constants of the gas sensors of heavy-gauge 
film type and bulk type are about several tens of seconds in 
general . 

Gas sensors where a heater film of Pt or Ru0 3 is provided 
on an alumina base and a film of the metallic oxide 
semiconductor is laminated thereto also can be used. In this 
case, the gap between the heater and the metallic oxide 
semiconductor film is slight, and the metallic oxide 
semiconductor heats up immediately when heat is applied to the 
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heater. On the other hand, when the heating time of the heater 
is shortened, for example to 1 sec or less and preferably from 
about 30 to about 300 msec, the time period of high temperature 
finishes before the temperature of the base rises. Therefore, 
after the heating finishes, the heater is immediately cooled 
by the base, and the metallic oxide semiconductor also is cooled. 
As a result, even these gas sensors can form thin-gauge film 
type gas sensors having small heating time constants. 

In figs. 3 and 4, other examples of the thin-gauge film 
type gas sensors having small heating time constants are shown. 
In the figures, 2 0 is a gas sensor, and 22 is a film having 
heat-resistant insulation properties such as SiC> 2 . Films used 
herein have a size of, for example, about 1-jim thickness and 
about 20-jim width. Film 22 of Si0 2 is provided on base 24 of 
Si, etc. and exists as a bridge over the cavity provided by 
undercut etching. 26 and 2 8 are heater films, 30 and 32 form 
a pair of electrodes, and 34 is a thin film of a metallic oxide 
semiconductor such as Sn0 2 , ln 2 0 3 , or ZnO. Gas sensor 20 is 
equivalent to gas sensor 2 shown in Fig. 2. 

In Fig. 5 , conditions of sampling data of Fig. 1 are shown. 
The cycle of detection is 5 seconds , and 0.5V voltage is applied 
to heater 4 only for 0.1 second, and the heater voltage is 0.2 

V for the rest of the cycle. If power sources of 0.6 V or 0.2 

V are difficult to acquire, effectively the same power can be 
applied, for example, by a heater power source of 5 V applied 
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in a short pulse train. A power source of a heater of 0.6 V 
is equivalent to a power source of 5 V in output and 1.44 percent 
in duty ratio. The output of the sensor changes according to 
change in temperature as shown in the lower portion of the 
figure. The output in the air is shown with a solid line and 
the output in ozone is shown with a broken line. The sampling 
of the output was carried out near the end point of the period 
of high temperature (point P x ) and near the end point of the 
period of low temperature (point P 2 ) and plotted , and the result 
is shown as Fig. 1. 

Fig. 6 shows a detection circuit. 4 0 is a power source 
of the detector, 42 and 44 are power sources, 46 and 48 are 
switches thereof, and 50 is a load resistance. Power sources 
42 and 44 are combined with switches 46 and 48 to form a power 
source of heater 4 . 52 is a microcomputer for signal processing 
where A/D converter 54, timer 56, arithmetic and logic unit 
58, ROM 60 where standard values of the output of the gas sensor 
in various ozone concentrations are stored, and RAM for data 
memory 62 are contained, and display circuit 64 is connected 
to the output line. Timer 56 operates and, for example, in 
a cycle of 5 seconds, is turned on at switch 4 6 for 0.1 second 
and turned on at switch 48 for the rest. Furthermore, 
immediately before turning on at switch 48, the output to load 
resistance 50 is loaded into A/D converter 54. In place of 
the output to load resistance 50, applied voltage to sensor 
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2 can be made the output of the sensor. The output having 
undergone A/D conversion is stored in RAM 62, and the 
concentration of ozone is determined by comparing the output 
with the standard output stored in ROM 60. The concentration 
of ozone determined is displayed with display circuit 64. 

A ratio of the resistance value of film of metallic oxide 
semiconductor 8 in the low temperature region to the resistance 
value thereof in the high temperature region also can be 
employed in order to calculate the concentration of ozone. 
Various background corrections can be applied according to 
purposes . 

[Advantage of the Invention] 
The invention enables 

(1) detection of ozone with high sensitivity and 

(2) shortening of dead time required for the detection. 

Brief Description of the Drawings 
Fig. 1 is a characteristic chart showing results of the 

detection of ozone in an Example. 

Fig. 2 is a perspective view of the principal part of 

the gas sensor used. 

Fig. 3 is a plan view of the principal part of a gas sensor 

in an example of another type, and Fig. 4 is a sectional view 

of the direction IV-IV thereof. 
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Fig. 5 is a wave-shape chart showing sampling 
detecting signals an Example. 

Fig. 6 is a chart of a circuit of an Example. 



[Description of the Reference Numerals] 

2 and 20: Gas Sensor 4, 2 6 , and 28: Heater 

6: Insulation Film 

8 and 34: Film of Metallic Oxide Semiconductor 

40: Power source of the detector 

42 and 44: Power Source of Heater 

46 and 48: Switch 50: Load Resistance 

52: Microcomputer 54: A/D Converter 

56: Timer 60: ROM 

62: RAM 64: Display Circuit 
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